Behavioral research is typically conducted with the aim of isolating cognitive phenomena. Yet, the ability to capture central processes often depends on the assumption of intact sensation. Hearing acuity is one such factor that has gone largely uncontrolled in behavioral research. A review of the ten most recent studies that utilized auditory stimuli revealed that all controlled for the effects of hearing loss through participants' self-report of perceived impairment (Brumback, Low, Gratton, & Fabiani, 2005; Conway & Christiansen, 2005; Davis, Johnsrude, Hervais-Adelman, Taylor, & Metttigan, 2005; Goldstein et al., 2005; Hughes, Vachon, & Jones, 2005; Johnstone, Pleffer, Barry, Clarke, & Smith, 2005; Moore, Bondi, Salmon, & Murphy, 2005; Remijn & Nakajima, 2005; Schriefers, Jeschneniak, & Hantsch, 2005).
are perceived at different volumes. The decibel (dB) is, therefore, a relative scale that reflects either sound pressure level (SPL) or hearing level (HL). For purposes of hearing assessment, the decibel is typically reported on the HL scale. Figure 1 represents the relation between intensity and frequency along with the distribution of phonemes across the frequency range.
The signal-to-noise ratio is mediated by the integrity of the auditory pathway before auditory detail is available for cortical processing. Hearing acuity is, therefore, strongly correlated with changes in auditory physiology across the life span. Hearing impairment that results from structural dysfunction prior to sound reaching the cochlea is collectively referred to as conductive loss. Conductive loss may result from factors such as a collapsed outer ear canal, rigidity of the tympanic membrane, or middle ear infection. In contrast, hearing loss whose etiology lies within or beyond the cochlea is referred to as sensorineural in nature.
Typical age-related hearing loss is sensorineural and associated with a distinctive set of symptoms. These include difficulties perceiving speech in noisy environments and high frequency sounds in isolation (Brant & Fozard, 1990; Corso, 1963; Gates, Cooper, Kannel, & Miller, 1990; Kochkin, 2005; Kryter, 1983; Moscicki, Elkins, Baum, & McNamara, 1985; Robinson, 1988; Robinson & Sutton, 1979; Spoor, 1967) . People who experience high-frequency loss may have difficulty perceiving environmental noise such as a watch ticking, a bee buzzing, or a telephone ringing. They may also have trouble making distinctions between phonemes with formants differentiated by high frequency energy (Turner & Cummings, 1999) .
Hearing deficits are more likely to impact experimental paradigms where words or sounds appear in isolation. For example, during an auditory lexical decision task participants discriminate words from nonwords; a participant with high-frequency loss may perceive the word fish presented in isolation as a degraded nonword stimulus, / fi-# /, thus suggesting a central phonological or lexical impairment. Effects are often subtle and may escape conscious awareness. Furthermore, the prevalence of hearing impairment in older adults and increasing incidence of noise-induced hearing loss among younger adults underscores the need for control over this essential variable.
It would be ideal to have full audiometric testing conducted by an audiologist to affirm the presence of normal hearing so as to exclude potential participants who may have a hearing loss. Complete audiometric testing is designed to detect not merely the presence of a hearing loss but the degree of hearing loss and its likely etiology. Such testing will typically include measurement of pure tone thresholds (the lowest intensity of sound that can be reliably detected at each tested frequency) using both air and bone conduction. Full audiometric testing will also typically include measurement of speech reception thresholds (SRTs) with and without noise, tympanometry to assess middle ear function, distortion-product otoacoustic emissions (DPOAEs) as an index of cochlear outer hair cell loss, and often auditory brainstem responses and other sophisticated measures (Katz, 2002) . Clinically normal hearing for speech is often defined as a pure tone threshold average (PTA) of 25 dB or less for the critical frequencies for speech (500, 1000, 2000, and 4000 Hz; Hall & Mueller, 1997) .
It is the case that many researchers will not have available to them a clinical audiometer for determination of exact hearing thresholds nor the possibility of full audiometric testing conducted by a trained audiologist. The screening test we outline below is not designed to substitute for a full audiometric workup, but rather, as a quick and accessible method of excluding potential participants whose hearing may be questionable in a more objective manner than participants' personal reports. 
Standard Pure Tone Hearing Screening
The purpose of screening is gross identification or detection rather than fine-grained assessment. Although screening procedures are moderately sensitive to hearing loss, they have poor diagnostic specificity. That is, it is impossible to discern etiology when an individual fails to detect a specific tone, and researchers should be clearly cautioned against doing so. Whereas hearing screening procedures typically have poor specificity, they do appear to be sensitive toward identifying individuals with hearing loss (Nadol, 1993) . 1 In behavioral research, this degree of sensitivity may be useful toward "catching" participants whose performance may compromise the results of an experiment.
Standard pure tone hearing screening typically involves detection of tones that sweep critical points along the frequency range of speech perception (ASHA, 1996) . The most common frequencies tested are those that sample in the frequency range of 500 to 4000 Hz.
For adult participants to pass a pure tone hearing screening, they must successfully identify tones presented monaurally to either ear at 25 dB HL (1000, 2000, and 4000 Hz), followed by presentation of the same frequency tones to the contralateral ear. Tones should be presented at staggered intervals to prevent detection based on an underlying pattern of stimulus delivery. The participant should be seated with no direct view of the audiometer and should be instructed to signal their detection of a tone using a definitive response (e.g., raising a hand).
The order of tone presentation should be randomized within ear but not between, i.e., sweep one ear completely followed by the other. If a participant does not detect a specific tone, the same tone should be presented again after a staggered time interval. If the participant fails to identify the second presentation of a tone, they have failed the screen. This result can then be reported in a researcher's respective Method section. 2 In contrast with clinical audiometric testing conducted in a commercial sound isolated audiometric testing chamber, laboratories of many behavioral researchers contain ambient noises such as computer fans. For this reason, and because various headphone manufacturers and models have differences in output intensities and frequency response, it is important that the experiments be conducted in the same room and using the same equipment as used for the initial hearing screen. This emphasizes the point that the 25-dB HL threshold is a sound level relative to the ambient listening conditions. This is a major distinction between this screening procedure for the purposes of participant selection and clinical audiometric testing where threshold levels are calibrated to a shared standard.
Materials
In the section to follow, we outline a procedure for modification of a laptop computer to achieve comparable sensitivity at near ANSI specification (ANSI S3.6-1996) for conducting audiometric screening. We developed a pure tone auditory screening protocol for use on Windowsbased operating systems running E-Prime software (Schnei der, Eschman, & Zuccolotto, 2002) . Although this screening program is designed for one specific presentation program, it is adaptable to other stimulus delivery programs such as PsyScope (Cohen, MacWhinney, Flatt, & Provost, 1993) and Presentation (Neurobehavioral Systems, 2002) using the procedures described here. The complete screening program is available for download from www.psychonomic.org/archive.
Pure tone wavefiles were created using a 16-bit, 44100-Hz sampling rate using the NCH Pure Tone generator (www.nch.com.au/tonegen). This application was used to specify frequency and duration of each wavefile. The Praat waveform editor (Boersma & Weenink, 1996) was used to insert silences into each tone to create tone bursts. Although many audiologists use continuous tones in audiometric testing, pulsed tones as employed in this protocol have similar test-retest reliability and incidence of false positives as continuous tones. Pulsed tones have several advantages, however. These advantages include increased tone awareness and reduced vulnerability to internal or external noise (Burk & Wiley, 2004; Martin & Clark, 2006, p. 80) .
Wavefiles were created in stereo (dual channel) format to assess left and right ear tone detection separately. Pure tone wavefiles were created at 1000, 2000, and 4000 Hz with 25-dB intensity pulsed only to the left channel to assess left ear function. Similarly, three analogous wavefiles were created that pulsed sound to the right channel to assess right ear function.
We standardized wavefile volume using the Praat wavefile editor (Boersma & Weenink, 1996) to emit a 25-dB tone ( 2-dB error) at a computer's maximum volume presented over stereo headphones. Intensity readings were obtained for these pure tones delivered by a Dell Inspiron laptop computer using stereo headphones (Sennheiser Electronic Corporation) that completely cover the ear. Intensity was measured by threading a fiberoptic probe microphone (Audioscan Verifit RM500) through the author's ear canal until the microphone rested against the tympanic membrane. This procedure allowed for precise measurement of sound intensity at the eardrum.
Using this calibration procedure, we consistently obtained intensity readings within 25 2 dB HL. Upon repeated measurement, variance due to frequency spectral smearing and intensity were well within ANSI accepted standards for screening audiometry (ANSI S3.6-1996) .
Screening Structure
Instructions for running this screening program via E-Prime are summarized in the Appendix. Participants are first familiarized to the signaling procedure (i.e., space bar press) by identifying a tone presented binaurally at a comfortable hearing level ( 60 dB HL). Upon successful completion of the familiarization sequence, participants complete the actual screening portion of the program.
For participants to pass this screening, they must successfully identify tones first presented monaurally to the left ear at 25 dB HL (1000, 2000, and 4000 Hz), followed by presentation of the same frequency tones to the right ear. Tones are presented at random interstimulus intervals ranging from 4 to 14 sec in 1-sec increments. If a participant fails to detect a particular tone, the identical tone is presented again after a random interval between 4 and 14 sec. If a participant is unable to detect this repeated presentation, they have failed the screen. If a participant identifies all pure tones presented at 25-dB HL binaurally, they have passed this screen.
Throughout the duration of the screening program participants view an unchanging monitor display on which appears a centered graphic of set of headphones with the following instructions centered below in 22-point font: "Listen carefully" and "Press the space bar when you hear a tone." E-Prime was programmed to count a keypress within 3,000 msec of a tone onset as correct. If participants do not press the space bar within 3,000 msec, E-prime registers no response as a miss. False positives (i.e., space bar press when no signal is present) are logged in the data file but not treated as misses. Although this program is designed for E-Prime, the protocol is adaptable to other presentation programs using the methods described here (see appendices). The scripts associated with this screening protocol, written in visual basic script, are also downloadable from www.psychonomic.org/archive. For researchers without access to a stimulus delivery program such as E-Prime or PsyScope, tones may also be presented manually using a standard media player.
The implementation of this particular program will require calibration. That is, the frequency and intensities we obtained with our particular headphone set and computer are unique. Different stereo headphones and soundcards are likely to produce different results. Therefore, it is necessary to calibrate one's particular equipment to produce tones of the specified frequency and intensity. This calibration may be achieved through the procedure described previously (i.e., probe microphone in ear). Although probe microphones are not standard equipment in behavioral laboratories, access to this equipment is not difficult to achieve. Probes are standard equipment in most audiology and otolaryngology clinics, hearing aid dispensers, and in university speech and hearing departments.
Pilot Testing
We screened fifteen young adults from the University of Pennsylvania community (mean age 28.93 years, SD 4.74, range 22-36) using both the E-Prime program and a conventional portable audiometer (Micro Audiometrics DSP) in both a quiet condition (ideal) and also with a simulated binaural conductive hearing loss. This loss was simulated by inserting foam earplugs (rated at 29-dB sound attenuation) into both ears and then occluding the plugged ears with headphones. Order of administration of screening tool (audiometer or PC) was counterbalanced. Hearing threshold was established for the lowest audible tone detectable binaurally at 1, 2, and 4 kHz using the portable audiometer under the normal condition (no earplugs) and with a simulated conductive hearing loss. Thresholds were obtained by presenting tones at a comfortable volume (50 dB HL) and then descending in 10-dB increments until the participant failed to detect a tone. Intensity was then increased in 5-dB increments until the participant successfully detected the tone upon two independent ascending presentations. Figure 2 represents group hearing thresholds under a normal screening condition and with a simulated conductive hearing loss.
To examine the correlation of this PC-based screening program with the conventional audiometer, the following factors were crossed: (1) ear (left or right); (2) tone frequency (1, 2, or 4 kHz); (3) simulated loss (yes/no); (4) screening tool (audiometer or E-Prime program). This design produced 24 observations per participant, for a total of 360 observations, presented in Table 1 .
Results
The portable audiometer and PC program demonstrated similar screening sensitivity under both the normal testing condition [percentage agreement between screening tools 96.67%; Cochran's Q .33, df 1, p .56] and with a simulated conductive hearing loss [ percentage agreement 83.33%; Cochran's Q 1.67, df 2, p .20]. Of note, two of fifteen participants who initially reported normal hearing acuity failed to detect tones at one or more frequencies with both audiometry and the PCbased program.
Discussion
Hearing screening is advantageous in that it provides a rapid means of control over a variable known to affect performance on many auditory paradigms (e.g., Wingfield, Tun, & McCoy, 2005) . Whereas formal diagnostic assessment of hearing is not within the scope of experimental psychology, control remains a cornerstone of the scientific method. Therefore, we argue that researchers who use auditory stimuli should better familiarize themselves with the potential impact of hearing loss and procedures for screening that move beyond self-report. There are many commercially available portable audiometers that may easily be integrated into a laboratory setting. Furthermore, we have described a unique method for modification of a PC to obtain comparable sensitivity to screening audiometry. We encourage researchers to contact the authors for technical assistance.
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NOTES
1. A pure tone resonates at only one frequency with no harmonic content. Acoustic properties of speech and other environmental noises are not characterized by the simple sine wave function of a pure tone.
2. A sample statement reporting a passed hearing screening would appear as follows: Participants passed a pure tone hearing screening administered binaurally at 25 dB (HL) at 1000, 2000, and 4000 Hz.
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To access these files, search the archive for this article using the journal name (Behavior Research Methods), the first author's name (Reilly), and the publication year (2007 Make certain that testing is completed in a very silent environment. Turn the system volume to maximum. If running this program using a system other than E-Prime, make certain that the volume control for of the secondary program (e.g., Media Player) is also set to its maximum.
Consider temporarily disabling Windows Critical Stop and other system sounds that will be presented at an uncomfortable volume.
Use quality stereo headphones that cover the ear. Do not use insert headphones or present tones via an external speaker.
Remain consistent in the use of headphones and testing setting.
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